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KEY POINTS

� Tissue needs and bone marrow production of erythrocytes, leukocytes, and platelets are
in a tightly controlled equilibrium.

� Persistent anemia, neutropenia, or thrombocytopenia that is unexplained by blood loss or
systemic illness, or presence of morphologically abnormal cells on the blood smear are
indications for examining marrow.

� Collection of marrow samples from sternebrae, and preparation of good-quality smears,
requires expertise, caution, and some special equipment.

� Interpretation of marrow samples requires a concurrent complete blood cell count.

� Horses with acute leukemia are often overtly ill and have severe cytopenia and systemic
inflammation.
OVERVIEW

The bone marrow produces red blood cells (RBC, erythrocytes), platelets, white
blood cells (WBC, leukocytes), and precursors of lymphocytes. The number of
new blood cells produced each day from hematopoietic precursor cells in mam-
mals is enormous: approximately 100 billion each of erythrocytes, platelets, and
neutrophils.1–3 As such, the marrow is among the most mitotically active organs
in the body. Once released from the marrow, erythrocytes, platelets, and neutro-
phils have relatively short circulation times of approximately 150 days, 10 days,
and 8 hours, respectively.4 Blood cells are removed from the circulation by the
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mononuclear phagocyte system (MPS) of the liver, spleen, and the marrow at a
high rate because of aging (senescence), apoptosis, or exposure to oxidative
and inflammatory stress. Components are catabolized for reuse and excretion.
For example, iron from erythrocytes is returned to marrow and spleen for stor-
age and reuse, whereas heme is broken down to bilirubin for disposal via the
gastrointestinal and urinary tract. Production of blood cells by the marrow and
removal by the MPS is a very dynamic and tightly regulated process, which
translates to tight limits for the number of each cell type that is in circulation
during health. In turn, this fine regulation of blood cells is used to establish
meaningful reference intervals for complete blood cell counts (CBC). On the
other hand, the marrow has tremendous capacity to increase the production
of all hematopoietic cells. The latter is illustrated by conditions such as
immune-mediated anemia or thrombocytopenia, whereby the lifespan of RBC
and platelets may be reduced to hours, and in turn, marrow output increases
many times over. Similarly, in bacterial diseases with extensive tissue inflamma-
tion, such as Potomac horse fever caused by Neorickettsia risticii or salmonel-
losis, neutrophils accumulate rapidly in large numbers in the inflamed colon,
which causes neutropenia and stimulates marrow granulopoiesis. Often horses
that recover subsequently have transient neutrophilia.5 As such, blood and
marrow form a single contiguous organ the adequacy of which can be assessed
with a CBC, and unexplained abnormalities on the CBC can be investigated with
marrow biopsy.
LYMPHOCYTES

Lymphocytes normally encompass 20% to 50% of circulating leukocytes in horses.
They are long lived and only traverse briefly in and out of the vasculature as they
travel between lymph nodes, spleen, and lymphoid niches in other organs, such
as the intestine, liver, and skin. Lymphocyte stem cells originate in marrow, and
aged plasma cells return to marrow, but their predominant location and turnover
are in lymphoid tissues. The marrow of mature horses normally harbors only a
few lymphocytes (<5%–10% of nucleated cells). Furthermore, lymphocytes in cir-
culation represent only a minor fraction of the total body lymphocytes and reflect
overall immune reactivity rather than marrow function. As a result, lymphopenia
is most often associated with active immune responses and retention of lympho-
cytes in lymphoid tissues. Foals in the first week of life are normally lymphopenic
relative to adult horses, and then lymphocyte numbers progressively increase to
reach those of adult horses by 2 to 3 weeks of age.6,7 Persistent and severe lym-
phopenia may indicate a generalized immune deficiency, such as severe combined
immunodeficiency. Different phases and types of inflammation, and acute viral in-
fections, may be associated with mild or transient lymphopenia or lymphocytosis,
and altered lymphocyte morphologic features, such as increased size and cyto-
plasmic basophilia.8 In adult thoroughbred horses, exercise caused a transient
lymphocytosis, whereas administration of adrenocorticotrophic hormone caused
neutrophilia and a mild lymphopenia.9 Lymphopenia was observed after exercise
and in association with increased plasma catecholamine concentration.10 Overall,
alterations in blood lymphocyte numbers rarely persist outside the reference inter-
val, consistent with the small and dynamic contribution of circulating lymphocytes
to total body lymphocytes. Corresponding to their benign counterparts, lympho-
cytic leukemias in the marrow are either acute poorly differentiated (acute
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lymphocytic leukemia, ALL) or terminally differentiated types (chronic lymphocytic
leukemia, CLL).

INDICATORS OF BONE MARROW DISEASE

Failure of the marrow to produce adequate hematopoietic precursors causes ane-
mia, neutropenia, and/or thrombocytopenia. Horses with anemia have pale mucous
membranes and often exercise intolerance. The effects of neutropenia are oppor-
tunistic infections, fever, and malaise, and lack of platelets renders horses prone
to bleeding. The degree of cytopenia and the rapidity of onset contribute to the
severity of clinical signs. For example, spontaneous epistaxis does not usually
occur until the platelet count is less than 20,000 to 50,000/mL (most laboratories
have horse platelet reference intervals of approximately 100,000–400,000/mL),
although effective platelet function is also influenced by the size and age of the
platelets. The following is a suggested approach to horses with cytopenia in order
to decide if a marrow biopsy is needed:

1. Complete physical examination. Assess the horse for the color of mucous
membranes, dehydration, presence of edema, sites of inflammation, fever,
and enlarged lymph nodes. Query the owner regarding food intake,
weight loss, occurrence of diarrhea, past treatments, vaccination, and anthel-
minthic therapy. Acute systemic bacterial infections, such as salmonellosis or
Potomac horse fever, frequently cause neutropenia with a left shift, but
also manifest with acute diarrhea.5,11 Endotoxemia injures neutrophil precur-
sors in marrow, and experimental administration caused severe neutropenia
within minutes followed by neutrophilia after 8 hours.12 Experimental infection
with Anaplasma phagocytophilum caused mild transient anemia and leuko-
penia, and moderate thrombocytopenia in addition to anorexia, pyrexia, and
edema, and similar findings were reported in naturally occurring infec-
tions.13–15 Edema owing to hypoalbuminemia and lymphatic obstruction
from enlarged lymph nodes is a common feature of lymphoma in
horses, but hypoalbuminemia can also result from gastrointestinal parasitism,
Lawsonia intracellularis infection, malnutrition, and other causes.16–18 Horses
with lymphocytic and myeloid leukemia may also have enlarged lymph
nodes.19,20

2. Verify the CBC abnormalities. In-house hematology analyzers are generally not
subject to as extensive a quality-assurance and quality-control program as
those in reference laboratories and do not generate as much detail. Therefore,
in horses with abnormal findings on a CBC, the analysis should be repeated
in a reference laboratory to confirm persistence and nature of the hematologic
abnormality.

3. Review the numerical CBC indices. Advanced hematology analyzers interro-
gate thousands of blood cells for a CBC and generate powerful statistical in-
formation in addition to determining the standard parameters of hematocrit
(HCT), hemoglobin concentration, WBC, and platelet number. For example,
the red cell distribution width (RDW) is a useful indicator of the degree of
RBC anisocytosis, which can reflect marrow erythropoietic activity. In regener-
ative anemia, increases in RDW precede increases in mean cell volume (MCV),
and both indices may be used to gauge the duration of anemia and extent of
marrow response.21,22 Additional potentially useful numerical indices are
platelet volume and plateletcrit (PCT). Similar to RBC, platelets recently
released from marrow can be larger than those that have circulated for
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days, and a large mean platelet volume (MPV) can indicate increased throm-
bopoiesis. The PCT accounts for both the number of platelets and their size.
Of note, samples that are not analyzed fresh but rather stored for 24 or
48 hours at refrigeration can show increases in MPV and platelet number
because of cell swelling and fragmentation.23 In-practice and reference hema-
tology analyzers generally determine the total WBC count accurately, but
automated differential counts may be inaccurate in samples from diseased
horses.24 In acute inflammation, neutropenia results from rapidly induced
adhesion of neutrophils to venous walls and subsequent exit from the vascu-
lature into tissues. Increased production of new neutrophils takes several
days; therefore, acute inflammation is typically associated with transient neu-
tropenia and a left shift. Primary marrow diseases, such as leukemia, cause
neutropenia owing to myelophthisis or suppression of normal
hematopoiesis.19,20

4. Evaluate a blood smear. A blood smear prepared from fresh EDTA anticoagulated
blood should be assessed for the following:
a. RBC agglutination: This occurs in many cases of lymphoma and leukemia,

but can also occur in bacterial (Streptococcus spp, Clostridium spp) infec-
tion, acute equine infectious anemia virus infection, and secondary to antimi-
crobial treatment.

b. Intravascular hemolysis: All of the above conditions may cause agglutination
in conjunction with RBC lysis, as indicated by RBC ghosts on the blood
smear.

c. Infectious agents: Theileria equi and Babesia caballi are piroplasms
that infect RBC and cause extravascular hemolysis but not usually aggluti-
nation. The organisms may be seen on blood smears during acute
infection.25

d. Leukocyte morphology: A manual differential leukocyte count should be per-
formed and compared with that generated by the automated analyzer. Bac-
terial infections are often associated with a left shift in neutrophils, indicating
release of immature neutrophils in response to overwhelming tissue demand.
Depending on the magnitude of the tissue demand, there may be concurrent
neutropenia. Neutrophils released from marrow under stress conditions often
contain basophilic cytoplasmic aggregates termed Döhle bodies and have
poorly segmented nuclei (Fig. 1A). Immature cells, blasts, and cells that
cannot be classified as normal leukocytes (Fig. 1B) should be enumerated
separately.

e. Erythrocyte morphology: Release of rubricytes (nucleated RBC) from marrow is
abnormal and extremely rare in horses (Fig. 1C). Automated instruments do not
detect rubricytes. Rubricytes have rarely been reported in any condition other
than leukemia.19,20,26

f. Absence of platelet clumps: Artifactual thrombocytopenia from platelets
that are aggregated because of inadequate anticoagulation should be ruled
out by evaluating the blood film for clumps. Platelet clumping may occur
because of inadequate blood anticoagulation or collection of samples from
catheters.

The above steps will maximize information gleaned from thorough hematolog-
ical analysis. If repeated CBC confirms persistent cytopenia, cytosis, or pres-
ence of atypical cells, and if infectious and toxic causes have been ruled out,
a core biopsy and marrow aspirate should be obtained.



Fig. 1. (A) Blood film from a gelding with salmonellosis and neutropenia. There are toxic
changes in neutrophils and a left shift as illustrated by the band neutrophil with a circular
nucleus (“donut”; arrow) and cytoplasmic basophilia (arrowhead); �60 objective. (B) A
very large blast (approximately 30 mm in diameter) in the blood film of a 9-year-old thor-
oughbred mare with marked anemia, neutropenia, and thrombocytopenia of more than
2 weeks’ duration, and a subsequent diagnosis of AML; �100 objective. (C) Rubricyte in
the same blood film as in panel B; �60 objective. All blood films were prepared with
Wright stain.
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CASE 1

A thoroughbred-Welsh cross mare, 3 years old and used as a riding horse, had poor
appetite and 2 episodes of epistaxis in the last week. Results of an in-practice CBC
indicated anemia and thrombocytopenia. The horse was referred, and the CBC was
repeated with the following results:
Parameter Result Unit
Reference
Interval

WBC 4.5 L �109/L 5.1–11.0

RBC 5.1 L �1012/L 6.9–10.7

Hemoglobin 78 L g/L 112–169

HCT 0.22 L L/L 0.38–0.55

MCV 44 fL 42–53

Mean corpuscular hemoglobin (MCH) 15 pg 14–18

Mean corpuscular hemoglobin concentration (MCHC) 351 g/L 324–354

RDW 18.9 % 16.3–20.4

Platelets 44 L �109/L 83–270

MPV 8.2 fL 6–11

Neutrophils 0.14 L �109/L 2.8–7.7

Lymphocytes 4.19 �109/L 1.3–4.7

Monocytes 0.14 �109/L 0.1–0.8

Rubricytes 0.05 H �109/L 0
Review of the blood smear confirmed anemia, thrombocytopenia, and neutropenia
and showed that most of the cells reported as lymphocytes were very large (Fig. 2A).
Serum biochemical evaluation indicated low urea, creatinine, and bilirubin concentra-
tions. A marrow core and aspirate revealed a highly cellular marrow consisting predom-
inantly of large blasts (Fig. 2B–D). The presumptive diagnosis was ALL, which was
confirmed with phenotyping tests. The horse was treated with glucocorticoids and
euthanized after 6 weeks because of anorexia and clinical deterioration. On postmortem
examination, the horse had ventral skin and duodenal petechiation, gastric ulceration,
and distortion of lymph node, spleen, and liver architecture by neoplastic lymphocytes.

COLLECTING DIAGNOSTIC BONE MARROW SAMPLES

Over the past decade, sampling of marrow in horses has becomemore commonplace
because of the demand for stem cell therapies, and several detailed protocols are
available.27,28 In adult horses, active or red marrow is concentrated in cancellous
bones that contain trabeculae, and therefore, a large surface area for hematopoiesis
that is in intimate contact with bone and adipose tissue. Practically, the most acces-
sible locations for bone marrow biopsy in horses are the sternebrae because they can
be reached with a 10-cm Jamshidi needle, and because the cortex of the sternebra is
thinner than that of the pelvis or long bones.
The following steps maximize the likelihood of obtaining a diagnostic combined

marrow core biopsy and aspirate from the sternum of a horse:

1. Assemble at least 1 assistant, clippers, materials for aseptic skin preparation, 23-
gauge hypodermic needles, 3-mL and 12-mL syringes, local anesthetic, scalpel



Fig. 2. Samples from a 3-year-old mare with anemia, neutropenia, and thrombocytopenia
(case 1). (A) The blood film shows reduced RBC density (anemia), absence of neutrophils,
and predominance of blasts; �40 objective, Wright stain. (B) On histopathology, the marrow
consists predominantly of large blasts with round nuclei. There are no segmented neutro-
phils, and only rare rubricytes and 1 megakaryocyte (arrow); �40 objective, hematoxylin
and eosin stain. (C) The marrow aspirate is highly cellular and almost exclusively composed
of blasts; �20 objective, Wright stain. (D) At high magnification, the marrow blasts are 20 to
30 mm in diameter and have round to slightly angular nuclei. The diagnosis was ALL, based
on additional phenotyping tests; �60 objective, Wright stain.
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blades, a sterile 11-gauge/10-cm (4-in) Jamshidi needle, 1 to 2 mL of sterile 1%
EDTA solution or citrate aspirated from a blood transfusion bag, 8 to 10 glass
slides, absorbent paper towels, a jar of B5 fixative or 10% buffered formalin,
and gauze. Jamshidi needles have a trocar fitting the lumen of the needle to pro-
tect the sharp tip of the needle as it moves through cortical bone, are slightly
tapered toward the tip to assist with retention of the core, and come with a flat-
ended probe for retrograde dislodgement of the core.

2. Place the horse in stocks and sedate. Although marrow aspiration itself in sedated
horses has been considered minimally painful, a stab skin incision is required, and
the operator has to locate below the horse’s chest.29 Therefore, the horse should
be adequately sedated to assure safety for the operator, even for mild-mannered
horses.

3. Clip and surgically prepare the skin overlying the sternum. The fifth and sixth
sternebrae are most suitable for marrow aspiration because of proximity to the
ventral skin, distinct intersternebral cartilaginous spaces, and adequate dorso-
ventral distance (Fig. 3). The seventh sternebra is proximal to the apex of the
heart and may be partially fused with the sixth sternebra and should therefore
be avoided. Sternebrae and intersternebral spaces may be visualized with



Fig. 3. Diagram of approximate location of sternebrae and placement of a bone marrow bi-
opsy needle (blue). Location of the heart is indicated by the red line.
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ultrasound, but, in general, the fourth sternebra is slightly cranial to the olec-
ranon, and the fifth sternebra is at a line drawn between the olecranons. Of
particular importance is that the horse stands square with front legs at a similar
angle, and that all needle entries are exactly on the anterior-posterior midline and
perpendicular to the surface of the skin. A detailed description of the location
and accessibility of sternebrae for marrow aspiration is provided by Kasashima
and colleagues.27

4. Infiltrate the skin, subcutaneous tissue, and periosteum with 2 to 5 mL of 2% lido-
caine. A 3.75-cm (1.5 in) hypodermic needle will just reach the sternebral cortex in
a horse of average size, and no further advancement should be possible.

5. Apply a final aseptic skin cleansing. Make a stab incisionwith a size 11 scalpel blade
in a sterile fashion at the site of prior local anesthetic infiltration. Insert the sterile
Jamshidi needle with the trochar in place and gradually advance through the sub-
cutaneous tissue. Keep the needle perpendicular to the skin and do not deviate.
Once the periosteum has been reached, slowly advance the needle by rotating
with moderate pressure and continue to maintain a perpendicular orientation.

6. Once the needle is seated in cortical bone and feels firmly in place, remove the
trochar and place it on a sterile surface. Advance the hollow needle for 2 to 3 cm
(most Jamshidi needles have 1-cm graduation rings on the outside of the needle
to assist with gauging the depth) to “cut” a cylinder of trabecular bone marrow.
Rotate the needle in an attempt to break off the distal part of the marrow cylinder.
Retract the needle 2 to 3 mm and advance again at a slight angle to help with trans-
ecting the distal end of the core. Retract the needle and exit through the skin.

7. Apply gauze to the skin if there is more than slight hemorrhage. Feed the flat-
ended probe into the tip of the Jamshidi needle and push out the core in a
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retrograde manner. A fresh nonfixed core should be at least 2 cm in length and is
normally red. Place the core into the fixative. If the core is less than 2 cm long,
repeat the procedure.

8. Maintaining sterility, rinse the needle with w1 mL of sterile EDTA or citrate, reas-
semble the trocar into the Jamshidi needle, and place the needle as above in the
bone marrow cavity. The same path as for the core biopsy may be followed. Once
the needle is again seated firmly in bone, remove the trocar and attach a 12-mL
syringe. Aspirate vigorously until the syringe contains 0.5 to 1 mL of marrow. Aspi-
rated marrow has an appearance of thick blood with flecks of fat.

9. Remove the syringe and needle, detach the syringe, and quickly prepare slides.
Place a thick drop of marrow toward the frosted edge of 4 to 6 glass slides. Tilt
the slides sideways to let the blood run off onto absorbent paper. Marrow spicules
will adhere to glass. Prepare a minimum of 2, and ideally up to 4 to 10, each of
squash and feathered edge–type smears (Fig. 4). Dry the slides quickly by waving
in the air or placing in front of a fan or hairdryer.

10. Apply pressure to the site of skin penetration or a temporary surcingle bandage
with sterile gauze and an elastic bandage to stop bleeding.
Fig. 4. Three smears of marrow aspirates. (A) A highly cellular squash preparation with par-
ticles spread apart (arrowhead). (B) A moderately cellular “feather-edge” preparation with
small intact particles near the edge (arrows). (C) A poorly cellular aspirate devoid of marrow
particles. All slides were Wright stained.
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Additional Tips

� It is essential to obtain the core biopsy before aspirating. Aspirating marrow in-
duces sinusoidal rupture and therefore hemorrhage, disrupts marrow architec-
ture, and compromises subsequent histologic evaluation of core sections.

� It takes longer to collect both a core and an aspirate, but the equipment and sam-
pling approach are the same, and having both types of sample yields much more
information than either one alone.

� Marrow clots quickly; therefore, rinsing the Jamshidi needle and the syringe with
0.5 to 1 mL of sterile 1% EDTA solution or citrate aspirated from a blood trans-
fusion bag before aspiration or retained in the syringe is helpful. Once anticoagu-
lated, the marrow aspirate can also be placed into a Petri dish, and particles can
be harvested with a glass pipette for making less bloody high-quality smears.
Without anticoagulant, slides have to be prepared very quickly.

� Sterile technique is particularly important in neutropenic horses.
� Thrombocytopenia is generally not a contraindication to marrow biopsy. The
bone marrow cavity is an enclosed space that contains bleeding.

� For diagnostic purposes, the first 0.5 to 1 mL of a marrow aspirate is best and
sufficient. This initial aliquot has far more cells than subsequent aliquots that
are diluted with blood from ruptured marrow sinuses.28

Interpreting marrow samples can be challenging, and ideally, a pathologist versed in
both cytopathology and histopathology of marrow should assess both preparations.
Because hematopoiesis is highly dynamic, and blood cells represent the marrow’s
output, it is essential that all marrow samples be interpreted in conjunction with the
horse’s history and concurrent hematological findings. Therefore, a blood sample
for a CBC should be submitted together with the marrow samples.

WHAT TO EXPECT FROM THE PATHOLOGIST’S REPORT

1. Comment on whether the sample quantity and quality are adequate. Cytologic
preparations should be cellular, thin to assure single-cell distribution, and dried
quickly to preserve cell detail. Core biopsies should have a minimum of 3 intertra-
becular spaces free of artifact.

2. Indication of the presence of particles and their cellularity, the frequency of megakaryo-
cytes, and adequacy of iron stores. Good-quality marrow smears from healthy horses
have 5 to 10 particles, and the particles are 30% to 70% cellular, with lower cellularity in
advancing age. There should be 3 to 6 megakaryocytes associated with each particle,
and in adult horses, iron stores should be readily apparent in each particle.

3. Description of whether maturation in all 3 cell lineages is synchronous or not, and
whether dysplastic cells are present. A differential count of 500 cells on cytologic
smears is helpful to objectively enumerate cell types andwill indicate the proportion
of blasts. The granulocytic-to-erythrocytic (G/E) ratio, also called myeloid-to-
erythroid ratio, in horses is normally 1:1 to 1:2.5, meaning erythrocytic precursors
are normally equal to more frequent than granulocytic precursors. Maturing, non-
proliferating granulocytes (metamyelocytes, band neutrophils, segmented neutro-
phils) normally outnumber immature, proliferating granulocytes (myeloblasts,
promyelocytes, myelocytes) by greater than 3:1.

4. Comment on the proportion of polychromatophilic erythrocytes. These polychro-
matophilic erythrocytes are estimated as a proportion and normally make up 1%
to 2% of erythrocytes.

5. Presence of myelofibrosis, necrosis, gelatinous transformation of fat, and nonuni-
form distribution of hematopoiesis is best assessed on histologic sections.
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The marrow report should consider whether there is an appropriate response to a
systemic condition. Examples include the following:

� With chronic or severe blood loss leading to anemia, the marrow should have
greater than 70% erythropoietic precursors; the G/E should be less than 1:3
andcouldbeas lowas1:5, andpolychromatophilic erythrocytes shouldbegreater
than 2%.22

� Long-term treatment of horses with erythropoietin may lead to erythrocytosis
and an increased proportion of rubricytes in marrow.21 In rare cases of lym-
phoma, there may be paraneoplastic production of erythropoietin, also leading
to erythrocytosis and increased marrow rubricytes.30

� Chronic neutrophilic inflammation from conditions such as dermatitis will induce
hyperplasia of granulocytic precursor cells and may shift the G/E from 1:2 to
greater than 3:1.

� Immune-mediated thrombocytopeniamay relapse after treatment andmay result in
megakaryocytic hyperplasia with greater than 10 megakaryocytes per particle.31

� Malnutrition and cachexia may induce gelatinous transformation of marrow fat
(“serous” atrophy of fat), which in turn affects hematopoiesis, leading to cytope-
nia. This has been described in a miniature horse with severe dental disease32

and may be more frequent in areas with endemic poor nutrition.
� In general, cytopenia that persists for more than 2 weeks without an identified
cause, such as hemorrhage, inflammation, or iron deficiency, is most often asso-
ciated with primary marrow disease, such as leukemia.

TYPES OF LEUKEMIA

Neoplasms of hematopoietic cells (leukemias) are broadly divided into myeloid and
lymphoid types and further classified, based on the duration and severity of cytopenia
and the number of blasts, into acute and chronic forms. Features typical of different
types of leukemia include the following.

Acute Myeloid Leukemia

� Affected horses have severe and usually multiple and severe cytopenia, vague
illness (hyporexia, intermittent fever, lethargy) for a few days to a few weeks,
and signs of systemic inflammation, such as increases in the acute phase pro-
teins fibrinogen, serum amyloid A or haptoglobin, hyperglobulinemia, and RBC
may be agglutinating.

� Lack of a leukocytosis, sometimes termed “subleukemia” or “aleukemic leuke-
mia,” is typical of acute myeloid leukemia (AML) in horses.19,20,33

� Concentrating leukocytes with buffy coat preparations may reveal morphologi-
cally abnormal cells.

� Marrow aspirates range from normocellular to hypercellular and have greater
than 20% blasts.

� In most cases of AML, there is no entirely predominant cell population (such as
myeloblasts), but various stages of rubricytes and some differentiated granulo-
cytes are present, in addition to greater than 30% blasts.

� The diagnosis of AML hinges on the presence of an increased proportion of blasts,
lack of synchronous maturation of granulocytes, rubricytes, or megakaryocytes,
combinedwith severe cytopenias and/or the presenceof blasts in peripheral blood.

� Myelomonocytic differentiation (leukemic cells have features of both neutrophils
and monocytes) was most common among 25 to 30 reported cases of equine
AML.19,20,34–39
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� In some forms of AML, the predominant population of blasts and immature gran-
ulocytes may belong to the eosinophil or basophil lineages.20

� Basophil AML may be associated with otherwise unexplained failure of
hemostasis.20
Acute Lymphocytic Leukemia

� As with AML, horses with ALL also often have signs of systemic inflammation and
a history of intermittent fever, hyporexia, and lethargy.

� Horses with ALL are generally younger than 4 years of age, whereas the age of
horses with AML can range from young to geriatric.

� Cytopenias are usually as severe in ALL as in AML, but enlargement of lymph no-
des and splenomegaly may be more common in ALL.

� Marrow samples are more uniformly composed of neoplastic large lymphocytes
(see Fig. 2) than the proportion of myeloblasts present in AML (Fig. 5).

� Immunohistochemistry or flow cytometry can be used to classify ALL into B- or
T-cell type, but no prognostic differences between different types of ALL have
been shown.

� Some cases of equine lymphoma have extensive marrow involvement and many
circulating neoplastic lymphocytes; therefore, distinguishing between ALL and
lymphoma may not be unequivocal.17,40

Biologically, leukemic cells have clonal somatic mutations, and predominance of
a particular morphologic type results from mutations in specific cytokine receptors,
signaling molecules, or transcription factors that favor development or arrest of that
cell type.41 Some acute leukemia cases in horses have features of both AML and
ALL (mixed lymphoid/myeloid phenotype), and distinguishing the neoplastic popu-
lation from an inflammatory component based on morphology may be chal-
lenging.42 The prognosis for horses with either AML or ALL is uniformly poor.
Combination chemotherapy was unsuccessfully tried in 1 case, but most horses,
whether treated with glucocorticoids or not, survived only a few days to weeks after
diagnosis.19,20,33 Postmortem evaluation can reveal extramedullary leukemic le-
sions on serosal surfaces and multiple organs.19,20
Chronic Lymphocytic Leukemia

Chronic types of leukemia also occur in horses, but appear to be less common
than acute leukemias with only 1 reported small case series.43 The clinicopatho-
logic features of chronic leukemia in general are a cytosis of neoplastic cells that
are morphologically similar to their benign counterpart, with concurrent cytopenia
involving only 1 cell line and/or of milder degree and/or longer duration than cyto-
penias in acute leukemia. The lymphocytosis may be discovered incidentally or
owing to investigation of exercise intolerance. Horses with CLL were older and
had marked lymphocytosis and often mild neutropenia or anemia.42–46 In all
cases, the lymphocyte count increased over a few weeks or months, despite 1
horse having been treated with prednisolone and chlorambucil.45 Hyperglobuline-
mia was noted in most horses, and also in case 2 described in later discussion.
Enlargement of lymph nodes and edema were common at the time of diagnosis,
and organ infiltration by neoplastic lymphocytes was noted in cases that
underwent postmortem evaluation.42–46 Overall, CLL appears to be relatively
uncommon in horses, and diagnosis does not necessarily require marrow
assessment.



Fig. 5. Samples from a 21-year-old thoroughbred mare with anemia, neutropenia, and
thrombocytopenia. (A) The blood film shows reduced RBC density, large erythrocytes
(arrowhead), and absence of platelets. Atypical large cells with features of both monocytes
and neutrophils (arrow) comprising 47% of the differential leukocyte count; �40 objective,
Wright stain. (B) The bone marrow aspirate has 21% blasts (arrows) and only rare polychro-
matophilic cells; �60 objective, Wright stain. (C) The core biopsy has minimal artifact and
greater than 5 intertrabecular spaces. Overall cellularity is approximately 90%, but there
are 100% cellular areas (asterisk) and other areas with interspersed adipose cells of 60%
to 70% cellularity (circ). Therefore, hematopoiesis is nonuniform, which is abnormal. Mega-
karyocytes are rare. The diagnosis was AML, and the horse was euthanized because of rapid
clinical deterioration; �10 objective, hematoxylin and eosin stain.

Bone Marrow Examination 47



Bienzle48
CASE 2

An 18-year old Clydesdale mare had hyporexia, brisket, ventral abdominal, distal limb
and periorbital edema, and mildly enlarged lymph nodes. Serum biochemical analysis
showed mild hypoalbuminemia and marked hyperglobulinemia. In-practice CBC indi-
cated marked leukocytosis of 132 � 109/L owing to a lymphocytosis, low normal
neutrophil count, anemia of 0.18 L/L, and thrombocytopenia of 47 � 109/L. The
mare was treated with dexamethasone and referred (Fig. 6). Findings on the CBC per-
formed at the author’s reference laboratory 1 week later were as follows:
Parameter Result Unit
Reference
Interval

WBC 85.5 H �109/L 5.1–11.0

RBC 3.1 L �1012/L 6.9–10.7

Hemoglobin 58 L g/L 112–169

HCT 0.17 L L/L 0.38–0.55

MCV 53 fL 42–53

MCH 17 pg 14–18

MCHC 340 g/L 324–354

RDW 18.1 % 16.3–20.4

Platelets 69 L �109/L 83–270

MPV 9.3 fL 6–11

Neutrophils 1.24 L �109/L 2.8–7.7

Band neutrophils 0.85 H �109/L 0.0–0.2

Lymphocytes 82.27 H �109/L 1.3–4.7

Monocytes 1.14 H �109/L 0.1–0.8

Eosinophils 0 �109/L 0.0–0.7
Blood film review confirmed lymphocytosis, anemia, and thrombocytopenia and also
showed a proteinaceous background consistent with hyperglobulinemia. Serum protein
electrophoresis revealed a narrow peak in the gamma-globulin region, suggestive of a
monoclonal protein. Treatmentwith dexamethasonewas continued, but the lymphocytosis
progressed to greater than 150� 109/L over the subsequentmonth, and the horse became
anorexic andwas euthanized. On postmortem examination, there was extensive infiltration
of marrow, liver, spleen, and lymph nodes by small lymphocytes of uniform morphology.

Myelodysplastic Syndrome and Myeloproliferative Neoplasm

These neoplastic disorders are recognized in humans and dogs but are not well char-
acterized in horses. Myelodysplastic syndrome (MDS) is defined by mild and gradually
progressive cytopenias, marrow hyperplasia, blast counts between 5% and 20%, and
dysplasia in greater than 10% of blood or marrow cells.47 Affected patients have varia-
bly rapid progression of disease with eventual failure of hematopoiesis and/or progres-
sion to AML. Cases of MDS in horses meeting these criteria have not been reported,
although dysplasia can be a feature of AML.20,48 Myeloproliferative neoplasms (MPN)
are chronic nonlymphocytic leukemias that in humans and small animals manifest
with marked cytosis of neutrophils, eosinophils, monocytes, erythrocytes, or platelets.
Although a case of chronic granulocytic leukemia in a horse was reported, the individual
had amoderate leukocytosis, and a severe anemia and thrombocytopenia, which would
be consistent with criteria for AML rather than MPN.26



Fig. 6. Samples from an 18-year-old Clydesdale mare with lymphocytosis, thrombocyto-
penia, and hyperglobulinemia (case 2). (A) The lymphocytes are of small to medium size
(approximately 20 mm in diameter) and have pale blue cytoplasm. The background of the
film is bluish, which suggests hyperproteinemia; �40 objective, Wright stain. (B) Serum pro-
tein electrophoresis identifies a small albumin peak (anode, 1) and a tall and narrow peak
in the gamma-globulin region (cathode, �), suggestive of a clonal immunoglobulin. The
diagnosis was CLL.
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Multiple Myeloma

Multiple myeloma is a neoplasm of plasma cells that has been reported in horses.49,50

The marrow and other tissues are infiltrated by clusters of plasma cells, which may
result in cytopenia owing to hematopoiesis-suppressing factors elaborated by tumor
cells, and myelophthisis. Marrow biopsy is not usually needed to diagnose multiple
myeloma because hyperglobulinemia and detection of clonal globulins on electropho-
resis of urine or serum samples are specific and noninvasive diagnostic steps. In some
cases of lymphoma and CLL, neoplastic B cells may also produce clonal
immunoglobulins.17

In summary, the need for bone marrow biopsy arises from unexplained and persis-
tent hematological abnormalities. Interpretation of samples should first rule out
whether marrow findings are in response to benign conditions such as chronic hem-
orrhage or inflammation. If leukemia is diagnosed, classification as AML or ALL should
be attempted. Horses with acute leukemia have severe cytopenia, rapid disease pro-
gression, and poor or no response to therapy. Distinction between ALL and AML is not
always feasible. Chronic leukemia of either lymphoid or myeloid type is rare, and MDS
akin to the disease in other species has not been reported in horses.
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